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PART D – FLOW CONTROL SYSTEM 
 
The design of the site's flow control system was completed using the Western Washington Hydrology 

Model (2012WWHM). The site was modeled as a single basin and was designed to match the 

developed discharge durations of the site to the predeveloped discharge durations of the site for 50% 

of the two year storm to the 50 year storm. The predeveloped condition was taken to be a forested 

site. 

As the site contains various constraints to the storm system such as low vertical drop across the site 

and a relatively high storm system within 116th street to which the system would connect it was 

determined that a traditional detention system would be neither practical nor cost effective for the 

developed site. With the variety of site constraints compounding in effect the available vertical drop 

within the proposed system that could be used in a traditional detention system was found to be 

roughly 4 feet. Under code regulations that dictate a minimum detention vault depth of 7 feet a 

traditional detention vault would produce an appreciable amount of dead storage that would not be 

available for mitigating the proposed development. 

Outside of traditional gravity drained detention systems the options for flow control become sparse. 

An investigation into the possibility of using storm pumps was done however, the difficulty of using 

storm pumps to match the proposed discharge durations to a forested conditions discharge durations 

can be all but prohibitive and as was deemed as a last option for the site’s flow control system. 

Based on these two investigations a third, hybrid, approach was developed. By combining both a 

gravity fed system and a stormwater pump the proposed design is able to take advantage of the depth 

allowed by a pumped system with the duration matching ability of a gravity drained system. The 

hybridized system is a detention vault that is effectively broken into two different zones, one zone 

drained by the storm pump and the other drained by a gravity outlet (See Figure 4-1 below). 

Figure 4-1: Detention Exhibit 

 

The function of each zone is aimed at serving different storm events.  
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Pump Effluent Zone 

As the pumped zone is lower than the gravity zone the pump is designed mainly to meet the smaller 

storm events. The pump was thus sized to discharge at a constant rate below the 50% of the two year 

peak flow rate. This zone functions in small storm events as a constant release at less than 50% of the 

two year and in larger storm events as a bleeder for the system discharging at the same low flow as 

before. 

Gravity Effluent Zone 

As the gravity zone is above the pumped zone it is designed mainly to serve the larger storm events. 

The gravity system was designed in concert with the pumped zone to provide discharge duration 

matching for the larger storms up to the 50 year storm. Functioning with a riser and several orifices at 

various elevations the gravity outlet was able to be designed to mirror the discharge characteristics of 

the forested site. This zone is not used in small storm events however is used to control flows in larger 

storm events with the assistance of the low flowrate benefit provided by the stormwater pump. A 

discovered advantage to this hybrid system is that in the event of a loss of power of pump malfunction 

the gravity outlet serves not just as an emergency overflow for the system but does so in a controlled 

manner. 

As you can see above the combination of these two systems principals in this hybridized 
system not only meets the intent of the code but also provides a number of benefits to both 
the site and the City’s system. Included below is a summary of the calculations used to size 
the system. As well as analysis output verifying the designs conformance with the 2009 King 
County Stormwater Management Manual (2009 KCSWMM) and the City of Kirkland 
Amendments. 
 

Figure 4-2: WWHM Layout - Predeveloped 
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Figure 4-3: WWHM Input - Existing Basin A 

 
 

Figure 4-4: WWHM Layout - Mitigated 

 
 

Figure 4-5: WWHM Input - Basin 1 
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Figure 4-6: WWHM Input - Detention 

 
 

Item 
Invert           

(ft) 
Diameter    

(in) 
Width            

(in) 

 Orifice 1         6.00         1.25            -    

 Orifice 2         7.00         1.25            -    

 Orifice 3         8.00         1.00            -    

 Notch         9.00            -           1.00  

 Rim       10.00       24.00            -    

 
 
Note: 
The two year peak flow rate for the predeveloped site was found to be 0.1276 cfs (as seen in 
Figure 4-8). The stage storage discharge table above was constructed with the pump flow of 
0.0622 (approximately 50% of the two year predeveloped peak flow rate) and the outlet 
control structure shown above. 
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Figure 4-7: WWHM Output - POC 1 Duration Analysis 

 
 

Figure 4-8: WWHM Output - POC 1 Flow Frequency Analysis 

 


